ABSTRACT
INTRODUCTION
In all aspects of DNA transactions, including DNA replication, the duplex DNA must be unwound to form single-stranded DNA. The process is catalyzed by a class of enzymes designated DNA helicases, with consumption of energy generated by the hydrolysis of ATP (1) .
A cell-free simian virus 40 (SV40) DNA replication system has allowed biochemical investigation of the enzymes and proteins involved in DNA replication in mammalian cells (2) (3) (4) . However, because the large tumor antigen (T antigen), which is the only virally encoded protein required for this system, functions as a DNA helicase and origin binding protein (5) , the DNA helicase and the origin binding protein involved in DNA replication in mammalian cells remains to be identified.
To identify the DNA helicases involved in DNA replication in mammalian cells, we isolated temperature-sensitive mutants defective in DNA replication and found that a mutant designated tsFT848 isolated from mouse FM3A cells had thermolabile DNA helicase activity. Analyses of DNA synthesis in the mutant cells at the restrictive temperature and of the relationship between defective DNA synthesis and thermosensitivity of the DNAdependent ATPase activity of DNA helicase B indicated that DNA helicase B is involved in DNA replication (6) . DNA (1) . The a protein of phage P4 possesses origin recognizing, helicase and primase activities (7) . Herpes simplex virus type 1 encodes a DNA helicase-primase that is composed of the products of the UL5, UL8 and UL52 genes (8) . In addition, SV40 T antigen physically interacts with DNA polymerase a-primase complex (9) and stimulates the DNA primase activity of the complex (10) (11) (12) .
In this study we have examined whether mouse DNA helicase B stimulates the DNA primase activity of mouse polymerase a-primase complex using single-stranded circular M13 DNA as a template. In addition, the effect of DNA helicase B on DNA primase activity was also examined in the presence of mouse replication protein A (RP-A).
MATERIALS AND METHODS

Materials
Poly(rA) and oligo(rA)12.18 were purchased from Pharmacia.
Single-stranded circular M13mpl9 DNA (sscMl3 DNA) was prepared according to the method of Messing (13) . ssDNAcellulose was prepared as described (14) .
* To whom correspondence should be addressed (Kc) 1995 Oxford University Press Purifi'cation of helicase B, DNA polymerase a-primase complex and RP-A DNA helicase B was purified from 1 x 1011 mouse FM3A cells by sequential column chromatography on first DEAE-cellulose (1000 ml), a second DEAE-cellulose (500 ml) and phosphocellulose (180 ml) as described (6) . The Other methods DNA-dependent ATPase activity and DNA helicase activity were assayed as described (19, 20) . The synthesis of longer species of oligoribonucleotides, which were produced at low levels in the absence ofDNA helicase B (Fig.  3A, lane 6) , was inhibited by DNA helicase B (Fig. 3A, lanes  7-10) . This effect is also indicated in Figure 2 . It has been suggested that the longer species of oligonucleotides are produced (lanes 1 and 2) , 0.6 (lanes 3 and 4), 6 (lanes 5 and 6), 60 (lanes 7 and 8) or 600 ng (lanes 9 and 10) or 6 jig (lanes 11 and 12) by repeated cycles of processive synthesis of a relatively specific size of oligoribonucleotides (17, 24) . It is unlikely that the increase in the amount of 5-10 nt oligoribonucleotides is mediated by degradation of the longer species of oligoribonucleotide, because the extent of decrease in the amount of longer species was much less than that of the increase in the 5-10 nt oligoribonucleotides (Fig. 3B) . In addition, the DNA helicase B fraction had no detectable RNase H activity (data not shown). Thus DNA helicase B stimulates de novo oligoribonucleotide synthesis and inhibits repeated synthesis cycles of oligoribonucleotides. Again, the synthesis of longer oligoribonucleotides was inhibited in the presence of DNA helicase B and the amount of longer species was little increased during the incubation.
The effect of DNA helicase B on the synthesis of oligoribonucleotides in the presence of RP-A Other studies have shown that RP-A, the ssDNA binding protein in eukaryotic cells, inhibits DNA primase activity using singlestranded circular DNA as a template (10) (11) (12) . In agreement with these studies, DNA primase-catalyzed oligoribonucleotide synthesis was also inhibited by RP-A in our system (Fig. 5A , compare lanes 1 and 6) and DNA helicase B reversed the inhibition caused by RP-A in a dose-dependent manner (lanes 7-10). The effects of DNA helicase B observed in these experiments were similar to those of SV40 T antigen.
We obtained evidence suggesting that DNA helicase B is involved in DNA replication by analyzing a mutant having a thermolabile DNA helicase B, which shows defects in DNA replication at the non-permissive temperature (6) (9) . In addition, T antigen also interacts with RP-A (11). Collins and Kelly have presented a model showing that T antigen facilitates the association of DNA polymerase a-primase complex with the template, whereas RP-A suppresses nonspecific priming events (10) . Melendy and Stillman have reported the importance of the interaction of T antigen with DNA polymerase a-primase complex and RP-A for primosome assembly during SV40 DNA replication (11) . not confirmed the direct interaction ofDNA helicase B with DNA polymerase a-primase complex and RP-A, it is likely that DNA helicase B stimulates DNA primase activity by facilitating the association of DNA polymerase a-primase complex with the template, as does T antigen, because DNA helicase B and T antigen have similar effects on DNA primase activity.
In spite of the similarity in their effects upon DNA primase activity, DNA helicase B and T antigen move in opposite directions on the DNA to which they bind, namely, 5'-+3' and 3'-+5', respectively (1, 20) . The Dna B protein of E.coli, the T7 gene 4 protein and the T4 gene 41 protein form primosomes at the replication fork. These helicases move on the DNA in the 5'-+3' direction (1). Thus DNA helicase B probably plays a similar role to that of these DNA helicases at the replication fork, residing on the lagging strand template. The use of cell-free systems for studying DNA 
